Even though an estimated 10e20 million people worldwide are infected with the oncogenic retrovirus, human T-lymphotropic virus type 1 (HTLV-1), its epidemiology is poorly understood, and little effort has been made to reduce its prevalence. In response to this situation, the Global Virus Network launched a taskforce in 2014 to develop new methods of prevention and treatment of HTLV-1 infection and promote basic research. HTLV-1 is the etiological agent of two life-threatening diseases, adult T-cell leukemia and HTLV-associated myelopathy/tropical spastic paraparesis, for which no effective therapy is currently available. Although the modes of transmission of HTLV-1 resemble those of the more familiar HIV-1, routine diagnostic methods are generally unavailable to support the prevention of new infections. In Oncogene Retrovirus Leukemia the present article, the Taskforce proposes a series of actions to expand epidemiological studies; increase research on mechanisms of HTLV-1 persistence, replication and pathogenesis; discover effective treatments; and develop prophylactic and therapeutic vaccines.
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Introduction: the global burden of HTLV-1 infection
It is estimated that at least 20 million people worldwide are infected with the oncogenic retrovirus, human T-cell leukemia virus type 1 (HTLV-1). The area of highest prevalence is southwestern Japan, but infection is also common in sub-Saharan Africa, the Caribbean islands, and some regions of South America, the Middle East and Austro-Melanesia. Similar to the human immunodeficiency virus (HIV)-1, transmission occurs principally from mother to child, between sexual partners, through contaminated blood products and by needle sharing. Infected individuals are at risk of developing a rapidly progressive malignancy, adult T-cell leukemia (ATL), and a debilitating and sometimes fatal neurologic condition, myelopathy/tropical spastic paraparesis (HAM/TSP). In contrast to HIV-1 and beyond screening serology, only limited diagnostic methods are available, generally for research studies, and little effort has been made to identify infected persons and reduce transmission. No vaccines or fully effective therapies are currently available. A closely related virus, HTLV-2, is present in many world areas (e.g. North and South America, South of Europe, Ireland, Vietnam) and its pathogenic potential needs to be further clarified.
In response to this situation, the Global Virus Network launched a taskforce in 2014 to promote basic research, develop new methods of prevention and treatment of HTLV-1 infection and recommend new public health measures. This article presents the consensus views of taskforce members regarding unsolved or controversial issues that hamper further understanding of HTLV-1 and the development of new approaches for diagnosis, prevention and therapy. For additional information on the molecular mechanisms of pathogenesis, immunological aspects, epidemiology and currently available therapies for HTLV-1 infection, readers are referred to a number of excellent review articles (Bangham et al., 2015; Matsuoka and Jeang, 2007; Pique and Jones, 2012; Murphy, 2016; Gessain and Cassar, 2012; Kato and Akashi, 2015) .
The HTLV taskforce
The mission of the Global Virus Network is to strengthen medical research and the public health response to viral agents of human disease and to prepare for new pandemic threats (McSweegan et al., 2015) . The GVN includes a number of centers of excellence for research in medical virology across the globe. For further information, readers are referred to the GVN website at http://gvn.org.
The HTLV taskforce emerged from an initiative of the GVN on June 17, 2014. The members of the HTLV-1 taskforce are located on Fig. 1 and listed in Table 1 .
Consultation among taskforce members has led to the following proposed series of actions to be carried out by researchers in GVN centers of excellence and their scientific collaborators:
review the global prevalence of HTLV-1 infection and identify opportunities and means to expand epidemiological studies; identify biomarkers to predict disease progression; develop prophylactic and therapeutic vaccines; screen for existing and novel drugs to improve therapy; perform basic research to unravel mechanisms of viral infectivity, persistence, replication and pathogenesis to open insights into novel treatments;
These proposed actions are discussed in turn in the following sections.
Research priorities and open questions

Review the global prevalence of HTLV-1 infection and identify opportunities and means to expand epidemiological studies
Regions of high prevalence, including Indonesia, Iran, Africa, Japan, the Caribbean, South America (especially Brazil and Peru), Romania and parts of Australo-Melanesia and the Middle-East have been identified worldwide (Gessain and Cassar, 2012) . Although HTLV-1 was discovered in 1979, there is no recommendation for systematic screening worldwide. In particular, HTLV-1 prevalence is still poorly understood in several areas of East and North Africa and most parts of Asia, due mainly to a lack of solid data (Murphy, 2016) . Furthermore, HTLV-1 and simian T-lymphotropic virus type 1 (STLV-1) can be considered as a single virus infecting and inducing diseases in two different species (Enose-Akahata et al., 2016) . Besides HTLV-1, there is evidence for zoonotic transmission of other primate T-lymphotropic viruses (Filippone et al., 2015; Richard 
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Home Institution Email address et al., 2016). Diagnosis of HTLV-1 infection is based on ELISA, which is unable to distinguish HTLV-1 from HTLV-2 and, therefore, requires confirmation by immunoblot and PCR, two techniques that are not convenient for routine screening. As a consequence, HTLV-1 prevalence in almost half of the world is unknown (Fig. 2) . The current figure of 5e10 million HTLV-1-infected individuals is likely to be an underestimate by at least 2-fold (Gessain and Cassar, 2012) . Even in high-income countries with a low prevalence of HTLV-1 infection, there is debate about the cost-effectiveness of universal HTLV-1 screening. The low rate of disease onset in infected individuals (below 10%) further disfavors systematic diagnosis of HTLV-1. Identification of HTLV-1 carriers is nevertheless important to avoid transmission though breast-feeding, blood transfusion and sexual intercourse.
In this context, the taskforce promotes the following actions:
-advocate HTLV-1 and HTLV-2 diagnosis, to avoid transmission through breast feeding or organ transplantation; -understand and quantify zoonotic transmission; -identify and characterize HTLV-related strains and related species (e.g. HTLV-2, -3 and -4); -develop a method to reduce mother-to-child transmission through breast feeding in low-income regions with limited access to clean water (e.g. in Northern Argentina, Bolivia, Peru and Brazil); -provide information about practices and policies that reduce exposure to further risk.
These measures are important to design and set up healthcare management strategies aiming at reducing HTLV-1 prevalence. There is also a potential threat associated with the emergence of hyperpathogenic strains, as described in related viruses (de Brogniez et al., 2015) . 
Identify biomarkers to predict disease progression
Besides ATL and HAM/TSP, persistent infection by HTLV-1 also leads to a broad spectrum of diseases associated with significant morbidity: uveitis, infective dermatitis, crusted scabies, inflammatory rheumatic conditions (rheumatoid arthritis and Sj€ ogren's syndrome), peripheral neuropathies and muscle inflammation (myositis) (Gonçalves et al., 2010) . The mechanisms leading to any of these conditions are currently unknown. Since only a minority of HTLV-1 infected subjects will develop symptoms within their lifespan, it is essential to predict disease onset and identify patients at risk. Although the genetic background, host determinants and parasitic infections (e.g. Strongyloides stercoralis) are associated with a higher probability of developing ATL and HAM-TSP, there is no biomarker able to predict future disease onset at the individual level (Gabet et al., 2000) .
In this context, members of the HTLV taskforce propose to:
-further develop whole-genome sequencing to identify hostassociated driver mutations in all conditions, as recently performed for ATL (Kataoka et al., 2015) ; -correlate the emergence of driver mutations with disease onset; -develop assays allowing early prediction of differential disease development and the identification of progression.
The availability of these biomarkers will be particularly useful for clinicians facing decision issues of "watch and wait" or treat. A key example is early treatment of chronic ATL that may increase overall survival (Tsukasaki et al., 2009 ).
Develop preventive and therapeutic vaccines
In principle, there is no major issue that would impair the development of a conventional preventive vaccine for HTLV-1: -HTLV-1 infection elicits vigorous humoral and cytotoxic responses that restrict viral replication, -subunit antigens are immunogenic and protect from infection, -purified recombinant antigens can easily be produced by conventional methods, and -worldwide genetic variation of the viral sequence is very limited (Gessain and Cassar, 2012) .
Unfortunately, no vaccine is currently available, likely due to the low interest of pharmaceutical companies associated in the restricted markets in industrialized countries. In fact, vaccination would mainly aim to prevent transmission from mother to child and between sexual partners. Even in Japan, where 1 million HTLV-1 carriers are potential transmitters, until very recently the only recommended measure was avoiding of breast-feeding.
Besides prevention, there is also an urgent need for a therapeutic vaccine. Impaired immunity is a major bottleneck limiting the efficacy of currently available treatments of ATL. The proof of principle demonstrating that an immune boost has therapeutic value has been reported (Suehiro et al., 2015) . A consortium of clinicians of the HTLV-1 taskforce and a private company is currently exploiting this opportunity (Abstract 4010 Development of an Anti-HTLV-1 Vaccine for the Treatment of Adult T-Cell Leukemia/Lymphoma, 5th ASH meeting, Orlando 2015). Other recommended actions are:
-understand the mechanisms of innate and acquired anti-HTLV immunity, response to vaccines (Guti errez et al., 2014) and immune escape of infected T cells;
-promote applied research on vaccines at national and international levels; -advocate the usefulness of a vaccine for improving public health; -contact and involve private charitable organizations for support.
Screen for existing and novel drugs to improve therapy
The treatment of HTLV-1-induced diseases is still unsatisfactory. In fact, there is no standard therapy for ATL, but rather a series of recommendations that differ among countries. First-line treatment of acute ATL and lymphoma can be based on various types of combined chemotherapy: CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisolone), VCAP (vincristine, cyclophosphamide, doxorubicin, and prednisone), AMP (doxorubicin, ranimustine, and prednisone) or VECP (vindesine, etoposide, carboplatin, and prednisone) (Tsukasaki and Tobinai, 2014) . The use of combined chemotherapy is justified by an efficient primary response and by the urgency of treating patients who frequently present in extremely poor condition. Unfortunately, relapse almost invariably occurs due to emergence of p53-mutated chemoresistant leukemic cells, leading to poor survival rates (20% overall survival at 5 years) (Bazarbachi et al., 2010) . In most European countries, the USA, the French West Indies and many South American countries, the firstline therapy of aggressive ATL subtypes is either antiviral therapy alone or a combination of antivirals with chemotherapy. The combination of AZT and IFN yields better outcomes (46% overall survival at 5 years), but has some drawbacks, as it requires longterm treatment without interruption resulting in patients' low adherence due to side-effects and treatment fatigue. However, once complete remission has been achieved, doses can be reduced, resulting in better tolerance.
Besides chemotherapy, allogeneic hematopoietic stem cell transplantation (HSCT), with or without a reduced-intensity conditioning regimen, provides an option to treat ATL. Although HSCT has intrinsic risks (graft-versus-host disease, 3-year overall survival rates of approximately 30%) the main advantage is the potential to yield long-term remissions (Kato and Akashi, 2015) .
As far as HAM/TSP treatment, most of the present therapeutic approaches aim to reduce the viral load by anti-retrovirals or by tackling the inflammatory state associated with disease with steroids or with steroid-sparing immunosuppressive drugs. However, at present there is no clearly satisfactory and statistically validated treatment for this disease, a situation leading often to progressive loss of motor function and death from respiratory tract infection (Martin et al., 2014) .
In this context, a main goal of the HTLV taskforce will be to identify therapies for ATL and HAM/TSP by:
-performing translational research with drugs no longer under patent protection (e.g. valproic acid or arsenic trioxide) (Kchour et al., 2013; Olindo et al., 2011) ; -collaborating with industrial partners to investigate the off-label use of newly developed agents used in HTLV-1-negative T-cell lymphoma (e.g. anti-CCR4 and anti-CD30). In particular, Mogamulizumab, a humanized anti-CCR4 monoclonal antibody, leads to higher remission rates (mostly in leukemic forms) and prolonged survival in ATL patients. -investigating synergistic combinations between chemotherapy/ HSTC and therapeutic vaccines (Tax peptides, HBZ), including immune therapy targeting immune checkpoint; -developing consolidation treatments to achieve long-term full remission;
-undertaking research on the mechanisms of chemoresistance and on the biology of cancer stem cells; -identifying a therapy for HAM/TSP, since currently available treatments are mainly symptomatic; -broadening international collaboration to develop concerted actions in multiple centers and standardization.
At present, major bottlenecks that impair the development of efficient therapies against HTLV-1-induced diseases are the time, complexity and costs of organizing clinical trials, as well as the limited interest of pharmaceutical companies. Except for Japan, cases are relatively rare in those developed countries capable of developing novel therapies. On the other hand, poor countries with high HTLV-I prevalence lack funding.
Perform basic research to unravel mechanisms of viral persistence, replication and pathogenesis to open insights into novel treatments
The mechanism of HTLV-1 infection is a fascinating model to understand the interplay between a small pathogen (less that 10 kb) that interacts with the host and redirects cell fate in favor of its persistence. Since the discovery of HTLV-1, major achievements by members of the HTLV-1 taskforce and others have been reported. These important milestones include the characterization of:
-genes promoting viral replication and persistence (Tax and HBZ) (Matsuoka and Jeang, 2007) ; -modes of viral entry and replication (infectious and mitotic cycles) (Ghez et al., 2010; Boxus et al., 2012; Gillet et al., 2011 Gillet et al., , 2013 Sibon et al., 2006) ; -genomic and epigenetic mechanisms leading to ATL (oncogenic stress, driver mutations) (Kataoka et al., 2015; Yamagishi et al., 2012) ; -the role of the immune response in the control of infection (Asquith and Bangham, 2008) ; -the pathogenic potential of HTLV-2, -3 and -4 (Calattini et al., 2006) .
Conclusion and perspectives
Since its discovery, the characterization of HTLV-1 has allowed major breakthroughs not only in virology but also in broader fields such as cell signaling and immunology. Unfortunately, this knowledge has insufficiently been translated into the efficient treatment of HTLV-1-induced diseases. Further progress will require both a better understanding of the mechanisms involved in viral persistence and pathogenesis as well as the translation of laboratory discoveries into preventive and therapeutic strategies.
Future goals for research and action are summarized in Fig. 3 , and will include: -systematic screening of HTLV-1-infected individuals to reduce transmission; -identification of biomarkers to predict disease progression and to target personalized therapy; -development of vaccines and efficient therapies. Fig. 3 . Goals of the GVN taskforce. These goals will be achieved, providing that public health authorities support fundamental research and that pharmaceutical industries have an economic interest to develop new therapies. Due to restrictions in publicly-funded research, several qualified research teams lack sufficient funds, have been forced to redirect their research or even quit the field of basic science. Fortunately, the majority still continues to work on a virus that is not prioritized. In this context, the HTLV taskforce will:
-support international collaborative research via training opportunities; -provide technical support and recommendations to heath organizations; -serve as expert spokespersons and advocates for more research and better treatments.
These tasks fit the overall mission of the GVN, which is designed to combat current viral causes of human disease.
